The syndromes of respiratory insufficiency arising in the absence of pulmonary lesions have been grouped under the term 'general alveolar hypoventilation' by Fishman, Goldring, and Turino (1966) . The most widely known among these are the Pickwickian syndrome and primary or central alveolar hypoventilation.
The Pickwickian syndrome (PS) (Auchincloss, 1955; Sieker, Estes, Kelser, and McIntosh, 1955; Burwell, Robin, Whaley, and Bickelmann, 1956) consists of extreme obesity, drowsiness, muscular jerks becoming more accentuated in the course of sleep, cyanosis, periodic respiration, secondary polycythaemia, cardiac hypertrophy, and right heart failure (Burwell et al., 1956) .
According to several investigators obesity is of primary importance in the development of -the syndrome since, by increasing the work of breathing, it produces a chronic alveolar hypoventilation (Auchincloss et al., 1955; Burwell et ,al., 1956; Carroll, 1956;  Lillington, Anderson, and Brandenburg, 1957) . On the other hand, it has been suggested that besides the obesity there must be a hypoexcitability of the respiratory centre (Sieker, Heyman, and Birchfield, 1960 
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All the other symptoms, including somnolence, have been considered secondary to the respiratory insufficiency.
Primary alveolar hypoventilation (PAH) (Rodman and Close, 1959) or Ondine's curse (Severinghaus and Mitchell, 1962 ) is a syndrome of alveolar hypoventilation clinically similar to the Pickwickian syndrome except that obesity is absent (Lugaresi, Coccagna, Petrella, Ceroni, and Mantovani, 1968a) . This syndrome is attributed to hypoexcitability of the respiratory centre, since there are no lesions of the lungs or of the neuromuscular apparatus of breathing. In only a few cases (Naeye, 1961; Seriff, 1965) were anatomical lesions in the respiratory centre assumed or demonstrated.
Due to their affinities, PS and PAH may be grouped under the label of hypersomnia with periodic breathing (HPB) (Coccagna, Mantovani, Ceroni, Pazzaglia, Petrella, and Lugaresi, 1970) .
In HPB the following basic observations have been made:
(1) The periodic breathing with recurring apnoea, lasting from 20 to 80 seconds with intercurrent profound respiration, appears at each dozing off and persists through sleep (Jung and Elio Lugaresi, Giorgio Coccagna, Magda Mantovani, and Fabrizio Brignani Kuhlo, 1965; Gastaut, Tassinari, and Duron, 1965; Lugaresi, Coccagna, Petrella, Ceroni, and Pazzaglia, 1968b) .
(2) The apnoea may be central (characterized by the interruption and simultaneous resumption of oral and thoracic breathing), obstructive (characterized by the persistence of the thoracic movements after the interruption of oral respiration), or mixed (characterized by the intial interruption and subsequent resumption of the thoracic movements during oral apnoea (Gastaut et al., 1965; Gastaut, Duron, Papy, Tassinari, and Waltregny, 1966) .
(3) The obstructive phenomenon is secondary to the halting or weakening of central breathing; this is indicated by the variations in the endoesophageal pressure (Lugaresi et al., 1968b) and the EMG activity of the intercostal muscles (Kuhlo, 1968) , which is less than normal in the initial period of the obstruction. In all likelihood the obstruction of the upper respiratory tract is due to a decrease in tone of the pharyngeal muscles which causes the obstruction of the pharynx by means of a valve-like mechanism (Gastaut et al., 1965; Coccagna, Petrella, Ceroni, Lugaresi, and Pazzaglia, 1968; Schwartz and Escande, 1968) .
(4) Daytime drowsiness is not due to carbonarcosis as several authors have hypothesized (Auchincloss and Gilbert, 1959; Drachman and Gumnit, 1962) : in fact, in both PS and in PAH the PaCO2 measured during waking may be normal (Gastaut et al., 1965; Lugaresi et al., 1968a Sleep stages were classified in accordance with the criteria suggested by Dement and Kleitman (1957 During a subsequent nocturnal recording the endoesophageal pressure was also recorded, its modifications corresponding to variations in endothoracic pressure during respiration. A probe equipped with a small terminal balloon was introduced through the nose into the inferior third of the oesophagus. The probe was connected to a P23 Db Statham transducer, connected in turn to a manometric preamplifier of the polygraph (model Kemt-Eb).
Periodic breathing began with the onset of sleep and continued through both diurnal and nocturnal sleep. The simultaneous recording of the oral spirogram, the thoracic pneumogram and the endoesophageal pressure made it possible to establish that the apnoea was predominantly obstructive or mixed; even during ventilation the upper airways were sub-obstructed, as evidenced by the continued elevation of the negative endoesophageal pressure (Fig. 1) (Fig. 2) .
Since the apnoea was of a dominantly obstructive character, the patient was advised to undergo tracheostomy, but she refused. Two months after she had been discharged from our Clinic she was admitted to a hospital in her home town as an emergency case because her relatives had been greatly upset one night by her cyanotic state, her respiratory difficulties, and the fact that she remained awake for only a few minutes at a time in spite of their repeated attempts to keep her awake.
Following our advice the surgeons performed a tracheotomy and inserted a permanent cannula in her trachea. After a few days the patient was transferred to our Clinic where she underwent numerous diurnal and nocturnal polygraphic records. No episodes of daytime sleep were recorded and nocturnal sleep patterns rapidly normalized. Central apnoea, although initially still quite frequent, was reduced to sporadic incidence after 26 days. Waking pulmonary arterial pressure was normal (18-26/9-13 mm Hg). However, during sleep it was still slightly elevated (25-40/13-22 mm Hg) (Fig. 3) . (Fig. 4) . The duration of the apnoea that was purely central in nature varied from 10-20 seconds; the mixed or obstructive apnoea lasted from 70-95 seconds. The more prolonged apnoea appeared during REM sleep.
The patient was discharged and respiratory stimulants and d-N-methamphetamine (10 mg/day) were prescribed. Daytime drowsiness improved but the respiratory disturbances that appeared during nocturnal sleep were not modified.
Because of increasing drowsiness and worsening respiratory disturbances the patient was readmitted to our clinic in March 1970. New tests of respiratory function, blood gas values, an ECG, and other laboratory examinations provided data that exactly coincided with the results obtained from testing during the patient's first stay.
POLYGRAPHIC RECORDING The patient underwent a nocturnal polygraphic recording during which pulmonary arterial pressure was recorded simultaneously with oral and thoracic respiration and endoesophageal pressure (see preceding case for procedural details).
The pulmonary arterial pressure, which was normal while the patient was awake (22-28/4-8 mm Hg), rapidly and progressively increased with the deepening of sleep beginning with the initial period of drowsing off and continuing to the phase of deep 'slow' sleep (36-60/21-44 Effects of tracheostomy in two cases of hypersomnia with periodic breathing trying tracheostomy as a therapeutic possibility. However, the parents of the patient refused to give permission for the operation and he was subsequently discharged. By February 1971 the condition of the patient had further deteriorated, even though he had increased his dosage of amphetamine. He slept almost continually while at school and the protracted respiratory arrests and intense cyanosis that appeared while he was asleep alarmed his teachers and schoolmates.
After (Fig. 5) . Results of blood gas analysis were only slightly abnormal when the patient was awake but indicated a serious decrease in SaO2 and an intense hypercapnic respiratory acidosis during sleep (Table) . ?
. (Menashe, Farrehi, and Miller, 1965) . We can add a hitherto unpublished personal observation: a Pickwickian syndrome which regressed after correction of the tracheal stenosis residual to previous laryngectomy.
If the obstructive apnoea is indeed an essential cause of hypersomnia with periodic breathing, one can try to identify the series of events that lead from this phenomenon to the disease (Fig.  7) . Jung and Kuhlo (1965) The decrease in central respiratory stimulation of the oropharyngeal muscles and the lack of tone coordination it produces could warrant the appearance of the obstructive phenomenon. There are, however, some instances in which a mechanical obstruction such as tonsillar and adenoidal hypertrophy or tracheal stenosis is certainly the primary cause of the abnormality. This was the case in our first patient who has had a mandibular malformation since early childhood: it is quite likely that this subocclusive peripheral factor has played a primary role.
The intervention of central factors (hypoexcitability of the respiratory centre and hypotonia of the oropharyngeal muscles during sleep) and of peripheral factors (obesity, bulbar poliomyelitis, tonsillar and adenoidal hypertrophy, mandibular malformations) contribute, perhaps to a different degree in each case, to the pathogenesis of the syndrome.
The obstruction of the upper air ways and the periodic breathing that occur during sleep favour a hypoxic-hypercapnic condition with resulting pulmonary hypertension. Retention of CO2, even if limited to the sleep hours, progressively reduces the excitability of the respiratory centre. This effect is documented not only in cases in which hypercapnia is persistent such as in emphysema, but also in instances of intermittent hypercapnia such as the conditions of underwater swimmers (Goff and Bartlett, 1957; Auchincloss and Gilbert, 1959) .
In time, as the respiratory hypoexcitability becomes more pronounced, conditions are created which lead to a worsening of the syndrome; alveolar hypoventilation and CO2 retention extend to the waking hours, while the abnormalities that usually accompany conditions of chronic alveolar hypoventilation make their appearance -that is, polyglobulia, right ventricular hypertrophy, and right heart failure. Diurnal drowsiness and obesity could be attributed respectively to the insomnia produced by recurring nocturnal apnoea (Gastaut et al., 1966) and to the diminished caloric consumption consequent on the lack of movement (Sieker et al., 1960) .
It is possible, however, that the hypercapnia itself favours the appearance of hypersomnia and obesity by depressing the excitability of the CO2 sensitive structures involved in the regulation of wakefulness and of metabolism, such as, for instance, the reticular activating system (RAS) (Bonvallet, Hugelin, and Dell, 1955) and/ or the ergotropic portion of the hypothalamus (Gellhorn, 1953) .
The question is if and when it is advisable to make a tracheostomy in patients suffering from HPR. Obviously, a definite answer cannot be given because the cases that have been studied so far are too limited in number and are too recent to allow us to draw any wide conclusions.
It seems to us, that tracheostomy should be considered in those cases in which weight loss has not been obtained and/or those in which there is no sub-obstruction of the upper air passages which can be treated surgically.
